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HISTORY AND OBJECTIVES
At the outset of this research, the objective was
to combine synthetic methods to give a cyclophane structure
containing two heteroatoms that may be used as ligands for
metal complexes.

The cyclophane synthesis that was intend-

ed to be used to produce the final cyclic structure is that
of sulfur extrusion. · The heteroatoms that were chosen for
this research were phosphorous atoms because of the possibility that combined with metal .atoms, the complex may be
used as a catalyst.

The general structure that was chosen

for possible synthesis in this research is shown below:

($3-cH 2 :-CH~

~CH2 -cH4)

R-methyl.,phenyl

The general cyclophane structure contains aromatic
rings joined by two or more aliphatic bridges, an example
being di-m-xylylene (1).

This compound was first synthe-

sized in 1899 by Pellegrin who prepared it by the use of
.
.
1
t h e Wurtz coup 1 ~ng react~on . This procedure of first making the

romomethyl substituted aromatic rings and subse-

quently subjecting them to the Wurtz reaction was the meth.
2
od of choice for pr~paring these cotnpounds up until 1969 .
2

@CH2Br
CH Br
2

Na

~

(1)

2

The low yields of the cyclophanes and the inability

to produce them with multiple bridges prompted a new
synthetic technique.

This procedure, first introduced by

Vogtle in 1969, involved preparation of the dithiacyclophanes (2).

These were then subjected to oxidation, fol-

lowed by pyrolysis with removal of sulfur dioxide to give
the _desired cyclophane structure 2 .
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To produce the dithiacyclophane structure, two procedures have been commonly used.

The first of these is the

synthesis of a bisbromomethylbenzene compound and the simultaneous addition of this compound with Na 2 s in a dilute
medium.

The drawbacks to this procedure are low yields and

greater percentage of side products.

The second procedure

first converts the bisbromomethylbenzene to bismercaptome.t hyl by a substituti.on reacti.on using thiourea and basic
decomposition of the bisisthiuron.i uni salt.

This m.e rcapto-

methylbenzene compound is· then dissolved in alcoholic NaOH
and added simultaneously with the bromomethyl compound in a

®CH_2

_very dilute medium to give the resulting dithiacyclophane
.
. 26
_B_r_ __,
structure
.
l)(NH2 )Cf=S CH Br
2
2) NaoH f
CH SH

®CH:SH

(2)

3
As was pointed out earlier, the removal of the sulfur is

us~ally

accomplished by oxidation to the disulfone

(3) and pyrolysis.

The oxidation is carried out using

either hydrogen peroxide or organic peroxides to give the
corresponding sulfone usually in greater than 90 percent
yield.

The pyrolysis occurs as a result of subjecting the

sulfone to temperatur~s greater than 400°C with a nitrogen
bleed.

The resulting pyrolysate is separated on a chroma-

tographic column, with yields of the desired cyclophane
being approximately 20 percent

16 .

A second method of sulfur extrusion was developed by
Boekelheide in 1970.

This method involved the methylation

of sulfur and then subjecting this compound to a Steven's
rearrangement followed by a Hoffman elimination.

The

methylation of the sulfur is accomplished us·ing dimethoxy
carbonium fluoroborate (4) giving yields greater than 90
percent.

The Steven's rearrangement product is produced by

treating the methylsulfonium fluoroborate salt (5)
produced in the previous step with potassium tert-butoxide
to give the product (6) in quantitative yield.

Repetition

of the previously mentioned steps gives the corresponding
cyclophane diene (7) in an overall yield of 40 percent,
which then can be hydrogenated over a platinum catalyst
in almost quanitative yield to give the corresponding
14 18
cyclophane (1)
'

4

(4)

Pt/H 2

~

(1)

To incorporate the phosphorous heteroatom into this
cyclophane synthesis, the compounds chosen as possible
starting materials were methylditolylphosphine (8) : or
phenylditolylphosphine (9).

There are three major methods

of synthesis that can be followed to obtain the desired
compounds.
The first of these methods involves the use of
phosphonate esters of the type RPO(OR') 2 which combine with
the tolylmagnesium bromide to give the corresponding
ditolyl-R-phosphine oxide.

The yields of this reaction

are generally poor when the Grignard reagent has a phenyl
group 10

Morgan and Herr reported an attempted synthesis

5
of methylditolyphosphine oxide

acco~ding

to a procedure

by Gillman and Robinson in 1929, but they could not isolate
15
the desired product according to this procedure .

R~

0

"
R-P(OR)z
+

R-P

· CH

3

l

R-methyl(8),
phenyl(9)

' 2

The second method that has been used to synthesize
these teritiary phosphines is the decomposition of the
phosphonium salts.

This decomposition can be caused by

either thermal decomposition to give the phosphine or basic
decomposition in which case the phosphine oxide is obtained.
Morgan and Herr in 1952 used methyltri-p-tolylphosphonium
iodide and a basic decomposition to obtain methyldi-p-tolyl
phosphine oxide (8p)a.

The overall yields of the methyldi-

p-tolyl-phosphine oxide from phosphorous trichloride, or
trimethylphosphite and p-tolymagnesium bromide for the
formation of the salt followed by basic decomposition were
from 25-30% 11 , 15 .

ao . p.m are in reference to -the attachment of
groups on the benzene ring (ortho, para, and meta).

6

The third method used for the formation of these
tertiary phosphines and the ones chosen in this research is
the addition of tolylmagn.esium bromide with R-phospho.n ous
dichloride (R-methyl (10), phenyl (11)).

Since the methyl-

phosphonous dichloride is air sensitive, we used phenylphosphonous dichloride and the procedure of Morgan and Herr
was followed to give phenyldi:~oly~phos.plU.ne·· (12> 20 . This
synthesis can also be done using pheny1phosphony1 dichloride (13) and phenylphosphonothioic dichloride (14) to give
the corresponding phenyldito1ylphosphine oxide (15) and
pheny1di to ly1phosphine sulfide ( 16) respec tively 15 ·.

~c1 2 {11)+

CH
2BrMs@

3

~ CH3

-~•.- ~p

. ®-

~CH3

2BrMg\::J'

(l2)

CH

~CH3

tr::\Y

---"~)o~ ~ · P:.a·

(15)

@-ca

ZBrMg~
'\:::_/

CH

3

3

~~ CH3

~o~~~

3
:;...._-.:,.,.. ~ P =-S ( 16)

@-ca

3
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The next step in obtaining the desired bis(bromomethylphenyJ:-)p.hehylphosphine(oxide, sulfide) can be
accomplished by two routes.

The simplest of these is the

use of N-bromosuccinimide to give the free radical bromine
substitution product.

This reaction was carried out in

1978 using ·phenyl;dL---o-·tplyiphosphine oxide (15o) as a ·substrate with a reported yield of 51.7 percent of the
desired ·b.is- ( 2- bromomethylphenyl )pheJ:lylphos.phine oxide
(17o)

8 9
' .

.-'\0

15o

+ ~-Br(NBS)
0

C$1
0-:(>=

CH Br
2

0 (17o)

@CH 2Br

The second route to the desired~bis(bromomethyl)phenylphosphine oxide involves a multistep process.

The

first step involves the oxidation of the methyl groups
of the phenyldi-p-tolyphosphine (oxide, sulfide) to the
bis(carboxymethylphenyl)phehylphosphine ox:Lde(18) using

o solvent
2
The diacid which is formed is transformed into

potassium permanganate in a mixed pyridine/H
system15 .

the ethyl diester using ethanol and an acid catalyst or
into the diacid chloride (19) using thionyl chloride and
DMF catalyst in order for the subsequent reduction to
occur more smoothly and completely.

This derivative is

then reduced using vitride [sodium bis-(2-methoxyethoxy)
aluminium hydride] as the reducing agent to give the
(liydroxymethylphenyl)phenylphosphine (20)

~is

[o~ide(21)] 2 5.

9

phenylphosphine oxide to the bis(mercaptomethylphenyl)phenylphosphine oxide.

This conversion involves a two step pro-

cess; the first of which uses thiourea to make the bisthiouronium salt and the second step is the basic decomposition
of this salt to give the desired bismercaptan (23)-

~H2Br
~ ~l

~CH 2 Br

S=C(NH2)~

1)
2)NaOH

~ rA4-CH2SH
~=I 0

~CH2 SH

(23)

The cyclization step in the synthesis

involv~s

the

simultaneous addition of a sodium hydroxide solution of bis(2-mercaptomethylphenyl)phenylphosphine oxide(23o), present
as the dimercaptide ion, and bis-(2-bromomethylphenyl)phenylphosphine oxide (17o) into a very dilute solution to give
6,18-diphenyl-4,5,7,8-dibenzo-6,18-diphospha-2,10-dithia
[1,11] orthocyclophane-6,18-dioxide (24).

The dilute

solution is necessary to increase the probability that the
major reaction is the cyclization and not a competing
polymerization reaction that can occur with these reagents
in a more concentrated solution.

NaOH

General Route of Desired Synthesis

O=PC12

+

2BrNgJO\

~
CH

)o

0J/_;;;\} ·
\~ 2
CH

3

NBS . )<
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\~, 2

3
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3
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2
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RESULTS AND DISCUSSION ·
The first step of the synthesis of the cyclophane
containing heteroatoms proved to be the most difficult of
the steps in the synthesis.

This involved a Grignard

reaction with addition of the appropriate tolylmagnesium
bromide and dichlorophenylphosphine(oxide, sulfide).
[11,13,14 respectively.]
The first reaction that was attempted in this
synthesis was the addition of p-tolylmagnesium bromide
and dichlorophenylphosphine (11) according to the
procedure of Horner and Beck 17 . Their procedure for
purification of the product involved a vacuum distillation in which the product distilled at .2mm Hg between
121-122°C.
Even though a 60 percent yield of crude product
was obtained and the nmr, mass spectra, and IR indicated
the product was the phenyldi-p-tolylphosphine (12p), HPLC
however showed the presence of a small amount of impurity.
Attempted

'

vac~um

distillation of this crude product at

.01 mmHg a nd 180°C did not produce the desired separation
of the products.

The only product to separate during

the distillation was some white crystalline material which
sublimed on the inside of the glass apparatus.

The

crystals were identified as by-product being, hi-p-toluene.
Since the product could not be purified or crystal-

12

lized, it was decided to attempt the oxidatiort .of

~- th·e

phosphine and purify the resulting bis- (p-carboxyphenyl ·)phenylphosphine oxide (18p).

This oxidation used potassium

permanganate as the oxidant and · a combintion of the
pyridine and water as a solvent system for the rea·c.tion.
The reaction proved to be very messy because of the need
to add small amounts Qf potassium permariganate over a
five-hour period to a refluxing reaction mixture.

The

product which was collected and recrystallized in methanol
gave a m/e peak of 366 in the mas.s spectrum and melting
point greater than 300°C (reported 307°C).

Even though

the IR showed a large acid peak, the NMR showed some
unreacted tolyl groups were still present.
In order to purify the bis-(p-carboxyphenylphenyl) . .
phosphine oxide (18p) and convert it to a more desirable
form for reduction in following steps several derivatives
of the compound were made.

The first derivative which

was attempted was the diethyl ester by refluxing the
diacid in ethanol for twenty hours with an acid catalyst.
The material that remained after this procedure was mostly
starting material, but a small amount of the bis-(2carboe-t hoxyphenyl) phehyl:phos·p hin.e·· oxi.de. wa.s.. ,i ,d ent.i -fie.( l by
IR, NMR, and a mass peak on the mass spectrum.
, The second derivative which was attempted for
purifying the intermediates was the diacid chloride.

The

13
reaction involved refluxing the diacid with thionyl
chloride using DMF as the catalyst for two hours to give
the product.

After purification of the product, an almost

quantitative yield of the desired diacid chloride was
obtained.

The NMR showed the absence of any aliphatic

methyl hydrogens present, while IR and mass spectra of
the compound agreed with the structure being bis-(4chlorobenzoyl)phenylphosphine oxide (19p) as the resulting
product.
Using the bis-(4-chlorobenzoyl)phenylphosphine
oxide (19p) as the substrate, a reduction reaction was
tried with vitride as the reducing agent to convert the
acid chloride groups to hydroxymethyls.

Vitride, the

common name for sodium bis-(2-methoxyethoxy) aluminium
hydride was named after Dr. Jaroslav Vit who synthesized
the compound in the early 1960's.

This compound was chosen

instead of lithium aluminium hydride because of the ability
of vitride to reduce most compounds at higher yields than
lithium aluminium hydride.

The other advantage of vitride

over the more common reducing agents is that it does not
ignite spontaneously on exposure to air and can be used
in a wide variety of aprotic organic solvents.
The reaction of bis-(4-chlorobenzoyl)phenylphosphine
oxide (19p) with vitride was carried out by the addition
of vitride to a refluxing solution of the phosphine oxide

~6538C

14

in benzene.

The products resulting after subjecting the

crude product to an alumina column were shown to consist
of two major components.

These two products were the bis-

. · .c4 . -hyd~oxym.e .thylphehyl) phehylphosphine( 2 Op) and the oxide
(2lp~-·

in yields of 9. 06 percent and 23.1 percent respec-

tively.
The next step. in this synthesis involved the
attempted substitution of bromine for the hydroxy on the
tolyl groups of the compound.

The substitution involved

phosphorous tribromide as the brominating agent to replace
the hydroxy groups.

As the substrate for the reaction

bis- (4-hydroxymethylphenyl')phehyl.ph.O~phine : oxide(2lp) was
chosen because of a lesser chance of the bromine adding
to the phosphorous of atom of the oxide group compared with
the phosphine and therefore more chance for replacement of
the hydroxy groups.

After the reaction of the phosphine

oxide with phosphorous tribromide, the only compounds to
be identified were a small amount of

to~uene

and starting

material.
The failure to make the desired bis-(4-bromomethylphenyl)phehyiphosphine oX,id-e(l7p) prompted the investigation into whether there would be other compounds of t ·he
type phenylditolylphosphine (oxide, sulfide) that would
give crystals after the initial Grignard reaction.

The

synthesis of phenyldi-m-tolylphosphine and phenyldi-p-

15
tolylphosphine oxide produced the same problems of nondistillable oil so that the pure starting material was nonobtainable.

Some of the special procedures used to aid in

the distillation of the oil were the use of a shortened
apparatus and heating the entire apparatus along the length
to the collection flask.

Even though the product began to

distill by this procedure it was too viscous to come over
.even in the heated apparatus and soon plugged the set-up,
or began to decompose because of the heat required to get
the product into the vapor phase.
The next compound to be studied for use as starting
material was phenyldi-p- tolylphosphine -sulfide(l6p). · This
was made by combining dichlorophenylphosphine sulfide (14)
with p-tolylmagnesium bromide in a Grignard reaction as
previously discussed.

The advantages of going to the

phosphine sulfide is . that the final product of the reaction
was a crystalline crude product.

This crude product could

then be recrystallized using hot acetone to give the
desired pure phenyld~t9l~~phosphfne sulfide (16).
Since the phenyldi-p-tolylphosphine sulfide (16p)
was in a pure form a new route to the bis-(4-bromomethylphenyl)phenylphosphine sulfide was · tried. The route

·

involved a direct bromination of the phosphine sulfide
using N-bromosuccinimide instead of _th.e o~idation and reduc.tion before bromination, which were tried with the previous

16
compounds.

The reactions, however, was unsuccessful at

producing any of the dibromo compound.

Only starting

material was recovered.
The unsuccessful attempt at producing the bis(4-bromomethylphenyl

)pheny~ph.osp.hine.

S}llfl:-de prompted the

investigation into the possibility of introducing some
other leaving group on the methyl groups of the tolyls
in the molecule.

The group that was chosen as an alterna-

tive to the bromine was an acetate functional group.

The

formation of the bis-(4-acetoxymethylphenyl rphenylphosphine
sulfide (22p) was tried by two oxidation methods.

The

first of these used eerie ammonium nitrate in glacial ·
acetic acid to produce the desired substitution, and the
second method used lead tetra-acetate.

Neither of the two

methods were successful in giving the product, possibly
because of the deactivating effect of the phosphine sulfide
which would explain the recovery of only starting material.
Because of the low yields in producing the bis-(4bromomethylphenyl)phenylpho$phine(oxide, sulfide) by going
through the oxidation and reduction before bromination,
it was decided to try to make the ortho isomer, phenyldi-otolylphosphine oxide (15o).

The phenyldi-o-tolylphosphine

oxide (15o) was made from o-tolylmagnesium bromide and
dichlorophenylphosphine oxide (13) just as in the previous
Grignard reactions with the crystals being purified by
recrystallization from ethanol.

Kaplan, Weisman and Cram

17
in 1979 reported the synthesis of bis-(2-bromomethylphenyl)phenylphosphine oxide (17o) using N-bromosuccinimide with
phenyldi-o-tolylphosphine oxide as the substrate 10 .

The

compound was synthesized in this research in a 40 percent
yield and identified from its NMR, IR, and the M+ peak of
the mass spectrum.
With the successful synthesis of the bis-(2bromomethylphenyl)pheny.lphos_phin.e oxi.de ( 17o ) , only one
step remained in the synthesis prior to the condensation
of the phosphine oxides to the desired cyclic structure.
The step involved making the bis-(2-mercaptomethylphenyl)phenylphosphine oxide (23o) from the dibromo compound. ·
The compound was made using the method of Nakazaki by first
making the bisisothiuronium salt and decomposing this salt
16
using sodium hydroxide to give the final product . The
compound was made in a 41.4 percent yield and identified
from NMR spectra which showed the predicted doublettriplet pattern from the CH 2 -sH group on the benzene
rings.

IR spectra and also aM+ peak of the mass spectrum

agreed with the compound being

bis-(2-mercaptomethylphenyl)~

phenylphosphine oxide (23o).
Now having made the

bis-(2-mercaptomethylphenyl)~

phenylphosphine oxide (23o) and the bis-(2-bromomethylphenyl)phenylphosphine oxide (17o) it was possible to proceed with
the cyclization reac t ion to give

6 1 18-di.ph,eny1~4 , 5,7. , 8~ -

18

diben.zo-6 ,-18-diphospha-2 ,.10-di.thia (1, 11] orthoc.yc.lophane6, 18-d.ioxi.de ..

The dimerca.pto compound was dissolved in.

base and was added simultaneously to an, equimolar amoun.t
of the dihromocompoun.d in a very d.: i.lute medium..

The yi.eld

from this reaction was approximately 40 percent, and gave
a compound with an extremely high melting point (?400°C).
The compound was identified by IR and NMR.

No mass

spectrum could be taken because of low volatility and
high melting point of the compound.

The NMR spectrum of

cyclic structure showed an interesting splitting pattern
for the methylene protons.

This pattern, a typical AB

quartet, can be accounted for by the non-equivalence of
the methylene hydrogens possible only in a ring structure,
because one hydrogen on each methylene is orientated
towards the center of the cyclic structure and the other
hydrogen externally to the ring.

This single AB pattern

indicates that the four methylene groups are equivalent
in the molecule, possibly because of the freedom of conformational movement and also the symmetry present in the
molecule.

The splitting pattern also indicates the

absence of a polymer since the predicted methylene peak
for the polymer would contain a broad singlet.
With the synthesis of the dithiacyclophane structure (24), there remains only the final step to make
either the cyclophane diene, or cyclophane whichever is

20
Diagra-m of Attempted Synthesis.

~~PClz

~.:..~c1 2

+

2BrM~H3
CH

+

3

2BrM~ ,

. Etoh/H+,.

CH 3

2

C~ 2 Br

~JJ0)rms ,.~J~
\~

~

S

CH 2 SH

&z)NaOH

~~;

\l)H 3 NCNH 3- 0 J~ \

. _,______,___--ll
t

~ CH zV
0-P=O

· S-CH

rOI
zY
O=P-0

~CH 2 --s--c~ 2~
Figure 2

h

NaOH
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EXPERIMENTAL
Special Handling of Starting Materials.
Ether and THF - These solvents were purified and
dried by alternate adding benzophenone and pieces of
sodium till a dark blue solution was obtained.

This dark

blue solution was then distilled giving the pure solvent
which was used immediately under dry nitrogen.
Dichlorophenylphosphine (oxide, sulfide) - These
were vacuum distilled and used immediately in the reaction.
Nitrogen - Used as atmosphere for all reactions
and dried by passing the gas through a calcite column. and
mineral oil.
NBS - Prepared by method of Homer and Winkelmann
.
11
and stored over P o until use .
2 5
Instruments.
NMR - Perkin-Elmer Rl2B(60MHZ) at South Dakota
State University.
Varian XL200 (2-0 MHZ) at Grand Forks Energy Technology Center.
IR - Perkin-Elmer Model 700 at South Dakota State
University.
Mass Spectrometer - Finnigan 3000 at South Dakota
State University.
Samples were also run at University of Wisconsin,

22

Milwaukee, Wisconsin.
HPLC - Waters at South Dakota State University,
reversed phase ODS, 20% H2 0 in methanol, isocractic.
Melting points were taken on Fischer-Johns
ing point apparatus and are

~eported

uncorrected.

m~ lt

23
· phenyldi~p-tolylphosphine

(12p).

A solution of

di.chlorophen y"iphosphine(20. Sg, .114 moles) in ether
(lOOml) was slowly added during a period of two hours
urider nitrogen to a stirred Grignard reagent prepared
from p-bromotoluene (49.3g, .. 25mol) in ether (150ml) and
magnesium · (7.0g).

After addition was complete the mixture

was refluxed for an additional one and a half hours,
cooled and hydrolysed with aqueous ammonium chloride.
The organic. layer was separated, dried over magnesium
sulfate and vaccuum distilled (180°C,.Olnnn) to give the
product (27.7g, 83.7%,M/e-290).

Bitolyl was also recovered

from distillation as white crystals, identified by NMR
.
. t5,6,7,10,13,17,20 .
spectra an d me 1 t1.n.g
po1.n
NMR ·Product (CC1 4 >
EE!!!

·ass igrtment

2.35

6H's, methyls, singlet

7.0--7.8

13H's, aromatic, multiplet

' Bis~ (4~c.arboxyphenyl)phe"QY1phosphine

'oxi.d:e (18p).

To a mixture of phenyldi-p-tolylphosphine (27.7g,95.4 nnnol),
lOOml pyridine, and 50ml of H2o was added finely powdered
0
potassium permanganate (90g) at 100 C over a five-hour
period.

After addition was complete,. the mixture was

refluxed for an additional three hours.

The solution was

cooled and the manganese dioxide separated from solution
by filtration.

The resulting brown solution was steam

24

distilled until the absence of the odor of pyridine.
This resulting solution was then neutralized using 6NHC1
with the product separating out of solution.

This product

was recrystallized from CH 30H/H 20 and dried at 120°C for
three hours (mp. > 300°C, 27.7g, 79.4% yield), m/e
36610,15,19.
NMR (D-6 DMSO)
EE!!!

assignment

7.2-8.2

13H's, aromatic,

2.3

unreacted to1yl groups

multiple~

No acid peak was found, possibly because spread over large
area.
IR (KBr pellet)
em -1
assignment
3500-2300

indicate presence of acid peaks

1720

carbonyl stretch frequency
of acid

1575

C=C ring stretch of
benzene rings

1445 & 1025

characteristic of

P-0 group
1110 & 705

characteristic of

P-0 3 group
Bis-(4-carboethoxyphenyl)phenylphosphine oxide,
To a mixture of 100 ml of ethanol and p-to1ylsu1fonic acid

25

(. 3g) was added bis- (4-carboxyphenyl )ph.e hylphosphine
oxide (1.1692g,.00319 mol) and the total mixture was
refluxed for twenty hours.

The recovery of the product

was accomplished by vacuum distillation to remove the
solvent.

After removal of solvent, the product was

recovered by extraction into ethyl acetate from lN sodium
hydroxide into which ·the unreacted diacid and p-tolylsulfonic acid dissolved.

The removal of the ethyl

acetate from the product gave a yellow oil that could
not be crystallized from cyclohexane and ethyl acetate.
Only .0319g(2.5% yield) of the bis-(4-carboethoxyphenyl)phenylphosphine oxide (m/e 402) were obtained, the other
material recovered being unreacted starting material.
NMR product (CDC1 3 )
assignment
EE!!!
7.0-7.9

aromatic, multiplet, 13H

1.3

methyl's, triplet, 6H

4.3

-CH 2 -, quartet, 4H

IR neat on KBr disk
Abs·e nce of broad peak from 3500-2300 CM-l indicates
absence of acid group present.
em -1

ass~gnment

.

3060-2980

presence of both
aliphatic and aromatic C-H

1725

C=O stretch of ester on benzene ring

26
1575

C=C ring stretch

1450,1030

characteristic of P-0
. 26
group
P=O stretch 25

1195
1110,740

characteristic of P-0
group 25

Bis-(chlorobenzoyl)phenylphosphine oxide, (12£).
To bis- (4-carboxyphenyl·)phehylpho~phin·e oxide(lOg, . 0273
mol) in 100 ml of chlorobenzene was added 10 ml of thionyl
chloride ( 16.55 g, .1391 mol) and five drops of dimethyl.formamide.

The mixture was refluxed for two hours after

which the solvent was removed under vacuum by a slow .
increase in temperature to 100°C.

The resulting thick

oil showed only one peak on HPLC and identified as bis-(4chlorobenzoyl.J phehylphosphine -oxi.d e · ( 11. 1036.g ~ 100'% yield) ,
m/e 402.
NMR (CDC1 3 )
EE.!!!

assignment

7.2-8.2

aromatic H's
no aliphatic peaks present

IR (neat on NaCl plates)
3080

This peak indicates presence
of only aromatic C-H peak
and lack of aliphatic C-H

1885, 1845

C=O stretch frequency

27

spl.itting "due possibly- .
to Fer.mi.

resonanc~e

or

coupling ·of two G=O groups
1590,1480

C=C ring stretch

1440,990

P~0 .

1125,740

P .~0

1180

P=O

gr·oup _vi.b ra.ti_ons

3 gr·o up _vi.brati.on.s
stret.ch. f 'r equency .

Bis- (4-hydroxymethylphenyl)phenylpho.sphine oxide.
(~).

Bis-(4-chlorobenzoyl)phenylphosphine oxide (11.

1036g,.0273 mol) was dissolved in approximately 150 ml of
benzene.

To this mixture was added dropwise a solution

of vitride (43 ml of 70% benzene solution) and 50 ml of
benzene under reflux.

The reflux was continued until all

yellow oil (19p) in the flask had disappeared.
The product was hydrolyzed using dilute sulfuric
acid (120 ml) and the two layers separated.

The organic

layer was subjected to a vac.uum distillation to remove
the solvent leaving a yellow fluorescent oil as the product.

This oil when analyzed with HPLC chromatography

showed the presence of two major products.

The oil was put

on an alumina column, giving bis(-4-hydroxymethylphenyl)pb.enylphosphine (.7236g, 9.06%. yield) from 4 percent
ethanol, 96 percent ether solution and bis-(4-hydroxymethylphenyl)phenyJphosphine 9X'£de from: 64 percent ethanol,
36 percent ether solution.

Both products were shown to

28

be pure by HPLC and gave m/e peaks of 290 and 306
.

respect~ve

1 y 25

NMR(CDC1 ) phosphine oxide
3
assignment
E.EE!
6.9-7.5

aromatic, multiplet, 13H

4.2

0-CH 2 -o, singlet, 4H

5.0

OH, broad singlet, 2H

IR (neat on NaCl plates)
-1
em
assignment
3300

broad peak showing presence
of alcohol group

3060,2900

indicate presence of both
aliphatic and aromatic C-H

1580

C=C ring stretch

1415,995

P-0 group vibrations

1100,725

P-0 group vibrations
3
P~o stretch

1150

Attempted preparation of bis_;(4_;bromoniethtlphenyl)phenylphosphirie oxide, (17p).

To a well-cooled mixture of bis-

(4-hydroxymethylphenyl)p.hehylph.osph.ine oxide(.Zg, .00636
mol) in 25 ml of anhydrous ether was added 1.3 ml of
phosphorous tribromide (3.60g,.0132 mol).

This mixture

was allowed to stand in an ice bath for twelve hours after
which one ml of methanol was added to destroy any remaining phosphorous tribromide.

The ethereal solution was

washed with watert sodium bicarbonate, and again· with

29

water to remove any inorganic impurities.

The solution

was dried over sodium sulfate and solvent removed under
vacuum.

Only starting material and a small amount of
1 3
benzyl alcohol were found ' .
Phenyldi-p-tolylphosphine: sulfide, (.!.§.E_).

A Grig-

nard reagent was made from 115 ml of p-bromotoluene
(159.82g,.934 mol) in 500 ml of anhydrous ether and
magnesium (2lg,.864 mol).

To this was added over a

period of 70 minutes a solution consisting of 42 ml of
phenylphosphonothioc dichloride (57.12g,.271 mol) in 150
ml of anhydrous ether.
The solution was refluxed for one hour after addition was complete.

This solution was then neutralized,

with 250 ml of 10% sodium bicarbonate.

The mixture was

placed in a separatory funnel and the water layer
remov·e d.

The phenyl-di-p-tolylphosphine sulfide separated

from the ethereal layer upon standing and was removed from
solution using suction filtration.

The impurities were

removed by recrystallization of the c.ompound from acetone
giving 2 2 .5024g of the final product (m.p. 146-148, yield
14 7 28
28.34%), m/e 322
' '
.
NMR(CDC1 )
3
~

assignment

2.35

CH , singlet, 6H
3
aromatic, multiplet, 13H

7.05-?.80

30
IR (KBr pellet)
cm- 1

assignment .

3020

aromatic C-H

2920

aliphatic C-H

800,1667

indicate P-substituted

2000

benzene ring

1600,1495

C=C ring stretch

1440,1000

P-0 group vibrations

1310

CH

1100,750
645

sym. bending
3
P-0 group vibrations
3
P=S stretch frequency

Attempted preparation of
phenylphosphine sulfide.

bis-(4-bromomethylphertyU~

To a solution of phenyldi-p-

tolylphosphine sulfide (10.0g,.0310 moles) in 100 ml of
CC1

(dried over CaH 2 ) was added N-bromosuccinimide (ll.Og,
4
.062 mol), and the stirred mixture brought to reflux. A

catalytic amount of benzoyl peroxide was added and the
reaction mixture refluxed for two hours.

A large orange

mass formed in the flask and when removed, washed with
water, d ied, and rec.rystallized from acetone, only
startin~

material was recovered.
The same reaction was tried again, this time using

chlorobenzene as the solvent.

The reaction mixture turned

black after refluxing for one hour.
covered again was

.

The only material re-

. 18 '9 .

start~ng mater~a

31
A~tempted

preparation of bis-(4-acetoxymethyl-

phenyl)phenylphosphine sul-f i.d e, (22p), using eerie
ammonium nitrate.

To a solution of phenyldi-p-tolylphos-

phine sulfide (2g, 6.233 mmol) in 75 ml of glacial acetic
acid was added eerie ammonium nitrate (20.4g, 37.2 mmol).
The mixture was refluxed for one hour, during which time
the solution changed from bright orange to a pale yellow.
The solution was added to 150 ml of water in a
separatory funnel and the mixture extracted with 150 ml
of ether.

The ethereal layer was separated and washed

with enough 1.5N potassium hydroxide to neutralize all
the acetic acid.

The ethereal solution was dried over

magnesium sulfate . and the ether removed under vacuum.
. 1 was recovere d24 .
0 n 1 y starting mater1a
Using lead tetra-acetate, phenyldi-p-tolylphosphine sulfide (2g, 6.23 mmol) and lead tetra-acetate
(5. 50g, 12.4 mmol) in 125 ml of acetic. acid were heated
at 80°C until no positive test for the oxidant (starchiodide paper) was obtained (9 hr.).

After distillation

of acetic acid under reduced pressure the residue was
extracted with ether (3Xl0ml).

The ethereal soluti.on was

washed with water, sodium bicarbonate solution, water and
dried over magnesium sulfate.
. 122,27
only starting mater1a
.

Removal of solvent gav·e
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Phenyldi-o-tolylphosphine oxide, (15o).

To a

magnetically stirred suspension of magnesium turnings
7.47g,.307mol) in lOOml of dry tetrahydrofuran was added
dropwise, at a rate sufficient to maintain a gentle reflux,
a solution of o-bromotoluene(50g,.292mol) in 100 ml of dry
tetrahydrofuran.

After the addition was complete the

reaction mixture was refluxed for two hours and cooled to
25°C, and to this dark brown solution was added dropwise a
solution of phenylphosphonyl dichloride (28.5g,.l46mol,
freshly distilled) in lOOml of dry THF.

After this addi-

tion was complete, the mixture was refluxed for two hours,
stirred at room temperature for twelve hours (giving a
bright yellow solution and brown particles), and poured
into an aqueous ammonium chloride solution at 5°C.

The

resulting white precipitate was collected and recrystallized from 95 percent ethanol to give phenyldi-o-tolylphosphine oxide (22.8g,51.0% yield, m.p. 189-191), m/e
306 9 .
NMR (CDC1 )
3

E.E!!!

·assigrtnient

2.45

3 singlet, 6H
aromatic H, multiplet, 13H

6.7-7.7

CH

·rR . (KBr ·pellet)

em -1

assignment

3020

aro~atic

2940

aliphatic C-H stretch

CH stretch

33
750,1667-2000 vibrations characteristic
of ortho substituted
benzene ring
1585

C=C ring stretch

1450,990,
multiplet 500

P-0 group vibrations

1380

CH 3 symmetric bending

1200

P=O stretch

700,1110

P-0 3 group vibrations

Bis-(2-bromomethylphenyJ·)phenylphosphine oxide,
(17o}.

To a solution of phenyldi-o-tolyphosphine oxide

(30.0g,.098mol} in 400 ml of cc1 4 (dried over Ca.H 2 } was
added N-bromosuccinimide (36.6g,.206 mol), and the stirred
suspension

~rought

to a reflux.

A catalytic amount (ca .2g)

of benzoyl peroxide was added and the mixture was refluxed
for five hours.

The reaction mixture was allowed to cool

to 25°C and filtered.

The filtrate was washed twice with

10 percent aqueous sodium bisulfite and once with brine
and then dried (MgS0 ); the solvent was removed in vacuo,
4
leaving a white solid, the resulting white solid. was
recrystallized from cyclohexane to give the bis-(2-bromomethylphenyDphenylphosphine oxide (15.5g,40.7% yield, ·m.p.
.
16
159-160), m/e 464; lit. mp. 160-161 .
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NMR(CDC1 )
3
~

assignment

5.05

0-CH 2 -Br, singlet, 4H

6.7-8.0

aromatic H, multiplet, 13H

IR(KBr pellet)
-1
em
assignment
2960-3060

aromatic and aliphatic
C-H stretch

755,1667-2000 vibrations characteristic
of a-substituted benzene
rings
1570

C=C ring stretch

1435,990

P-0 group vibrations

1220

P=O stretch

1180

CH 2 Br wagging.

1100,695

P-0 3 group vibrations

530

C-Br stretch

Bis ( -2-rrtercaptomethylphertyl) Dheny;lpoosphine .·o.x ide ,.
(23).

A mixture of

bis-(2-bromomethylphenyl)phenylpho~phine

oxide (9.3g, .02 mol), thiourea (5.3g,. 71 mol), and 125 ml
of 95 percent ethanol was refluxed with stirring for fourteen hours under nitrogen.

The resulting bisisothiuronium

salt was isolated by removing the ethanol under vacuum, and
the resulting oil dissolved in 6 percent sodium hydroxide
(22.5 ml).

After refluxing under nitrogen for eight hours,
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the solution was allowed to cool and was then acidified
with 6N hydrochloric acid

<~60ml).

The resulting gray

precipitate was collected and allowed to dry overnight.
This precipitate was then shaken with cc1 4 and f ·i ltered.
The filtrate solvent was removed in vacuo, which left a
thick bright yellow oil and was identified as the bis(2-mercaptomethylphenyl)phenylphosphine ,oxide (3.06g,
41.4% yield), m/e 370.
NMR

EE!!!

assignment

2.35 (J=9.5HZ)

SH, triplet, 2H

4.0 (J=9.5HZ)

0-CH 2 -s, doublet, 4H

6.7-7.8

aromatic H, multiplet, 13H

IR
em -1

·assignment

3040

asomatic C-H stretch

2920

aliphatic C-H stretch

2555

confirms presence of S-H

1667,2000,750

a-substituted benzene
ring

1590

C=C ring stretch

1440,980

P-0 group vibrations

1100,700

P-0 3 group vibrations

1200

P=O stretch
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6,18-diphenyl-4,5,7,8~dibeni6~6,18-diphdstiha~Z.IO

dithia [l;IIJ ·arthocyclopharie-6,18-dioxide, ' (24).

To a

mechanically stirred soluti.on of ethanol (11.,) were simul ....
tan_eously added, in a peri.od of 3, Sh, a solution. of bi.s(2-bromomethylphenyl)phenylphosphine oxi.de ( 3 .. 84g, 8 ._28
nnnol) in ethanol (150 ml) and a. s.oluti.on of bis.-(2-mercaptomethylphenyl) -phenylphosphine oxi.de (3 .16g, 8, 28 mmol) in
80 percent ethanol (150 ml) c.ontaining sodium hydroxide
(2,4g,.06mol) ~

After being refluxed for 17 hours, the

mixture was concentrated in vacuum. down to approximately
150 ml when crystals started falling out of sol.utLon and
were collec.ted by filtration..

The soluti.on. was further

concentrated and a. sec.o n.d batch of c.r ysta.ls were col-·
lee ted._

According to NMR and IR spec.tra, both s.ets of

crystals were the same c.ompound (24.)..

Wei.ght of produc..t

collected was 2 .. 7032g giving a 48 ~ 2% yield ..
.NMR · (CDGt ; ·internal TMS)

3

~

·cfs s:Lgrtrrten t

6 ~ 86 ~ 7 ·-86

aromatic H,26H , multLplet

3 .. 9195(J=7 . 3H)

methylene H, 4H, AB quartet

4 .. 510 (J=7 .. 3H)

methy-lene H, 4H, AB quartet

IR(KBR disk)
. -1
em

assignment

3050

aromatic C-H stretch

2910

aliphatic C-H stretch

37
1590

C=C ring stretch

1435,540

P-0

1195

P=O stretch

1125,720

P-0 3

750

a-substituted benzene

group vibrations

group vibrations

ring vibration
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CONCLUSION AND PROJECTED WORK
Even though the desired para or meta cyclophane
structure with heteroatoms wasn't
obtained, the research
.
.

did give a basis for a route to the desired synthesis.
For further research it would be of interest to - synthesize the para and meta forms of phenyldi~ply-lp~osphine
oxide in pure form and to cyclize these compounds using
the same route as with the phenyldi-o-tolylphosphine
oxide.
There are two possible methods that can give the
desired meta and para phenyldirtoly~phosphiti'E{ oxide in
pure form.

The first of these methods is to make the

c.orresponding phosphine sulfides which can be easily
purified after the Grignard reaction from the bitolyl
impurities and oxidize these compounds to the phosphine
oxide using peroxide.

The second method of obtaining

the phosphine oxide in the pure form is to use the crude
product from Grignard reaction and then make and purify
the phosphine oxide-zinc chloride complex.

This complex

then can be decomposed giving the phosphine oxide in
pure form.
The subsequent steps to the cyclophane structure
would be followed as for the ortho analog.

The first

step involves a free radical bromination of the phosphine
oxide using N-bromosuccinimide to give the dibromo

43
compound.

The second step involves making the dimercapto

compound from the dibromo compound in a substitution and
decomposition reaction using thiourea.

The third step

involves the combination of the dibromo and dimercapto
compounds in ethanol to give a dithia cyclic structure (24).
With the dithia structure (24) two interesting
structures can be obtained.

The first compound is the

cyclophane diene structure (25) made from the dithia compound by subJecting this to a reaction with dimethoxy
carbonium fluoroborate and Steven's rearrangement.

This

compound would be of interest because of the large
~-election

system contained within the molecule.

The second compound, the normal cyclophane
structure (26) containing the heteroatom, can be made by
hydrogenation of 25 or oxidation of 24 to the disulfone
followed by pyrolysis.

This is the compound (25) that

upon reduction to the phosphine can be combined with a
metal and activity as a catalyst investigated.

Both

compounds, the cyclophane diene (25) and cyclophane (26),
would be of interest spectrally because of the possibility
of isomers and cage type structure of some of the compounds.
In addition to the synthesis of these compounds
a great deal of spectral data was also obtained on not
only newly synthesized compounds, but on compounds already
synthesized in earlier work and not reported.

This

44
spectral data should help in further research and identification of compounds of this type.
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